1. Introduction
===============

Breastfeeding and human milk are widely acknowledged as the gold standard for infant feeding and recommended by peak bodies such as the American Academy of Pediatrics \[[@B1-ijerph-12-05408]\] and the World Health Organization (WHO) \[[@B2-ijerph-12-05408]\]. Human milk is especially important for preterm infants (infants born \<37 weeks gestational age) as these are the smallest, most vulnerable infants. The use of human milk is associated with a reduction in the incidence of several debilitating diseases such as necrotising enterocolitis \[[@B3-ijerph-12-05408]\]; retinopathy of prematurity (both incidence and severity) \[[@B4-ijerph-12-05408],[@B5-ijerph-12-05408]\]; late onset sepsis \[[@B6-ijerph-12-05408]\]; and infection \[[@B7-ijerph-12-05408]\]. Human milk also confers significant neuro developmental benefit to preterm infants \[[@B8-ijerph-12-05408],[@B9-ijerph-12-05408]\].

In addition to the quality of milk provided, it is critical for preterm infants to receive an adequate volume of milk to optimise growth and developmental outcomes. Even small variations in volume can have a significant impact on the dietary adequacy for very small infants and hence there is a need for accurate methods of measuring dietary intake \[[@B10-ijerph-12-05408]\]. Guidelines for nutritional management have been published, \[[@B11-ijerph-12-05408]\] however benchmarking against them is difficult when infants are transitioning from tube to breast feeds. During this transition, intake data accounting for both the contribution from tube and breast feeds are limited \[[@B12-ijerph-12-05408],[@B13-ijerph-12-05408],[@B14-ijerph-12-05408],[@B15-ijerph-12-05408]\]. This is in contrast to early in the admission when feeds are gavaged or when fed by bottle and intake can be accurately recorded, and calorie and protein intakes can be calculated and documented. In-hospital breastfeeding experience is essential to aid the transition to full breastfeeding by discharge; however measuring the volume taken at a breastfeed is problematic.

The most commonly used method for estimating breastfeed volume in research reporting dietary intake of preterm infants is calculation of the prescribed feed volume minus the charted intake, with the remainder assumed to be the breastfeed volume \[[@B16-ijerph-12-05408]\]. Other approaches taken include ignoring the contribution from breastfeeds \[[@B12-ijerph-12-05408],[@B13-ijerph-12-05408],[@B14-ijerph-12-05408],[@B15-ijerph-12-05408]\], using complex statistical approaches to impute the volume \[[@B17-ijerph-12-05408]\] or using the test weighing method \[[@B18-ijerph-12-05408],[@B19-ijerph-12-05408],[@B20-ijerph-12-05408]\]. Test weighing involves weighing infants before and after a breastfeed, with the change in weight reflecting the milk volume taken by the infant. Test weighing is considered the gold standard for measuring volume taken during a breastfeed in a clinical setting \[[@B10-ijerph-12-05408],[@B19-ijerph-12-05408],[@B21-ijerph-12-05408],[@B22-ijerph-12-05408]\]. However, it is not routinely used in practice due to the perceived impact it may have on mothers' confidence with breastfeeding \[[@B20-ijerph-12-05408],[@B23-ijerph-12-05408]\] and the burden it places on staff. Rather, nutritional adequacy is most commonly assessed by monitoring weight gain.

The aim of this study was to determine if the commonly used proxy, prescribed feed volume, can accurately estimate the actual intake of breastfeeding preterm infants and therefore be reliably used when reporting dietary intake data in nutritional audits. A secondary aim was to characterise the volume of milk taken during a breastfeed according to gestational (GA) and postmenstrual age (PMA).

2. Methods
==========

2.1. Design
-----------

This cross sectional study compared the prescribed feed volume of preterm infants with their actual intake. Actual intake was calculated using the test weighing method at each breastfeed during 24-h periods, combined with the measured enteral intake from fluid balance charts. The primary care physician prescribed the feed volume which was documented daily on the infant's care plan and delivered through breast, bottle or gavage tube feeding. GA is defined as the period of time between the first day of the last menstrual period to the day of delivery \[[@B24-ijerph-12-05408]\]. PMA is GA plus the time elapsed after birth (chronological age) \[[@B24-ijerph-12-05408]\].

2.2. Participants
-----------------

Mother-infant dyads were recruited from the neonatal units of Flinders Medical Centre (FMC) and Lyell McEwin Hospital (LMH) Adelaide, South Australia from June to November 2013. FMC is one of the two neonatal intensive care units in South Australia with 11 intensive care and 24 special care cots, while LMH is a 20 cot Special Care facility. Both units support non-critically ill infants transitioning to suck feedings and therefore provide an ideal population group for the study. Participating infants met the following inclusion criteria: born \<37 weeks gestation; at least 5 days old to allow adequate time for mothers' milk supply to come in \[[@B25-ijerph-12-05408]\]; PMA between 32--40 weeks as coordinated suck swallow is typically observed no earlier \[[@B26-ijerph-12-05408]\]; and taking some breastfeeds. The study excluded infants whose medical instability or clinical condition prevented test weighing or impacted oral intake.

Infant characteristics such as sex, GA, PMA, birth anthropometrics, birth plurality, and ethnicity were collected from medical records. Nutritional information including the prescribed feed volume (daily total mL/kg/day and mL/feed) and feed frequency were collected from the infants' care plans. Infants were weighed daily or second daily under standard conditions and this weight was used by the clinicians to calculate the daily prescribed feed volume (mL/day). The fluid balance charts were reviewed for each 24-h period to determine the total volume taken via nasogastric tube or bottle.

All parents/guardians gave their informed consent for inclusion before their infant participated in the study. The study was conducted in accordance with the Declaration of Helsinki, and the protocol was approved by the Southern Adelaide Clinical Human Research Ethics Committee (ID 224.1).

2.3. Test Weighing
------------------

The test weighing procedure was adapted from the method described by Hasse, *et al* \[[@B21-ijerph-12-05408]\] for preterm and high risk hospitalised infants. Briefly, the clothed infant was weighed directly before and immediately after a breastfeed under the same conditions. Both the pre and post feed weights were obtained twice, and the average of the two measurements used, in order to minimise measurement error. If the discrepancy between the two weights was more than 5 g, the weighing procedure was repeated until the discrepancy was ≤5 g. Infants were weighed using SECA-727 (SEcac, Hamburg, Germany) scales at FMC and Tanita BLB-12 (Tanita, Tokyo, Japan) scales at LMH, both of which are sensitive to 2 g \[[@B27-ijerph-12-05408]\]. A researcher was present for all measurements to confirm adherence to the study protocol. Experienced neonatal nursing staff placed the infants on the scale, while the researcher read the digitally recorded weight. This ensured clinical staff and parents remained blind to the test weight results, preventing interference with feeding management and avoiding any potential stress with breastfeeding and test weighing. Infants staying in the unit for more than a few days could have the test weighing procedure repeated twice weekly. Results from the test weigh were deemed invalid if there was a negative weight change that was beyond the standard error of the scales (±2 g). Furthermore if a breastfeed within the 24-h period was not measured, that 24-h period record was deemed invalid for the primary aim.

2.4. Statistical Analysis
-------------------------

A Bland-Altman assessment for agreement was used to compare the actual intake and the prescribed feed volume (mL/day) for estimating breastfeed volume \[[@B28-ijerph-12-05408],[@B29-ijerph-12-05408]\]. The range of agreement was defined as mean bias ±2 standard deviations (SD). To estimate the Limits of Agreement (LoA) with acceptable accuracy, it was determined a sample of 100 measurements (100 24-h dietary intake records) were required \[[@B29-ijerph-12-05408]\]*.* Bland-Altman plots were repeated for infants receiving ≤2 breastfeeds and \>2 breastfeeds over the 24-h period to investigate if the number of breastfeeds influenced the level of agreement between the two methods. The LoA method assumes independent observations *i.e.*, that each pair of measurements is from a different individual. However, the originators of the LoA method, Bland and Altman, acknowledge that multiple measurements per individual are often undertaken in clinical settings and have described methods for analysing repeat data \[[@B30-ijerph-12-05408]\]. If the within subject variance is larger than or close to the between subject variance then the LoA are more likely to be close to the values obtained if the data were all truly independent. Conversely, if the within subject variance is less than the between subject variance then the LoA will be narrower, suggesting that there was overestimation of agreement between the two methods. Thus, the within and between subject variation was compared by determining the mean bias, standard deviation and the 95% limits of agreement. The secondary aims explored if the volume of milk taken at a breastfeed varied according to GA and PMA. Infants born at earlier GA are typically smaller with a more complex medical progression; therefore the intake data were descriptively examined for differences in GA by separating infants into 2-week GA categories. Additionally, as it was expected that more mature infants would have a better coordinated suck-swallow-breathe pattern \[[@B31-ijerph-12-05408],[@B32-ijerph-12-05408]\], intake data (averaged for each 24-h period per infant) were descriptively examined by PMA (in weeks). IBM SPSS version 19.0 (IBM Corp., Armonk, NY, USA) statistical software was used for statistical analyses.

3. Results
==========

Fifty-nine preterm infants were enrolled in the study. The mean birth weight was 2123 g (SD 499), with median GA of 34 weeks (minimum 27 weeks, maximum 36 weeks) ([Table 1](#ijerph-12-05408-t001){ref-type="table"}). Infants were test weighed on average twice, with a minimum of 1 and maximum of 9 times per infant. The number of breastfeeds, and therefore test weighing procedures, within a 24-h period ranged between 1 and 4 with a median of 2. The mean prescribed feed volume was 386 mL, SD 73.
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###### 

Infant baseline characteristics.

  ------------------------------------------------------------
  Baseline Characteristics                      Infants\
                                                N = 59\
                                                N (%)
  --------------------------------------------- --------------
  Recruiting centre                             

  *Flinders Medical Centre*                     25 (42)

  *The Lyell McEwin Hospital*                   34 (58)

  Male sex                                      32 (54)

  Plurality                                     

  *Singleton*                                   39 (66)

  *Twins*                                       20 (34)

  Birth weight, *g* (mean, SD)                  (2123, 499)

  Gestational age, *weeks* (median, min, max)   (34, 27, 36)
  ------------------------------------------------------------

3.1. Primary Outcome
--------------------

Three infants were excluded from the primary method validation analysis because of invalid test weighs within the 24-h measuring period. Of the remaining 56 infants, 26 were measured repeatedly, resulting in 103, 24-h dietary intake records. The Bland-Altman LoA plot comparing the actual intake with the prescribed feed volume is presented in [Figure 1](#ijerph-12-05408-f001){ref-type="fig"}. The mean difference (or bias) between the infants' prescribed feed volume and actual intake was 27 mL/day, SD 53; 95% LoA --76 to 130 mL/day. Thus the prescribed feed volume systematically overestimated actual intake by a mean of 27 mL/day, representing 7% of the mean prescribed feed volume. Using the method described by Bland and Altman to account for repeated measures \[[@B30-ijerph-12-05408]\] the mean bias remains the same (27 mL/day, SD 54; 95% LoA --79 to 133 mL/day). Given that the within subject variance was marginally larger than the between variance, for the purpose of this analysis each measurement can be treated as independent. The bias was less when infants received ≤2 breastfeeds daily (16 mL/day, 95% LoA --76 to 107 mL/day), indicating closer agreement between the two methods ([Figure 2](#ijerph-12-05408-f002){ref-type="fig"}). The bias was larger with \>2 breastfeeds a day (72 mL/day, 95% LoA --32 to 175 mL/day; [Figure 3](#ijerph-12-05408-f003){ref-type="fig"}).

3.2. Secondary Outcomes
-----------------------

All 59 infants were included in the secondary analyses investigating breast milk intake at differing GA and PMA. A total of 240 individual breastfeeding sessions were measured with 32 infants measured on more than one occasion. Five measurements were excluded because of negative results beyond the standard error of the scales, leaving a total of 235 measurements for the analyses. The median intake for a single breastfeeding session across all GA categories was 23 mL (IQR 9 to 31 mL) and the volume taken at a single breastfeed ranged from 0 to 101 mL ([Table 2](#ijerph-12-05408-t002){ref-type="table"}). Six percent (N = 14) of total measured breastfeeds recorded no nutritional intake (*i.e.*, no weight gain was observed) with a further 25% (N = 60) with an intake of 10 mL or less ([Figure 4](#ijerph-12-05408-f004){ref-type="fig"}). The volume taken from breastfeeding accounted for 12% of the daily intake. The median volume taken during a single breastfeed increased with increasing PMA ([Table 3](#ijerph-12-05408-t003){ref-type="table"}).

![Bland-Altman plot of the agreement between the prescribed feed volume in mL/day and the actual 24-h intake of the infant; each point represents one infant's intake over 24 h (N = 103).](ijerph-12-05408-g001){#ijerph-12-05408-f001}

![Bland-Altman plot of the agreement between the prescribed feed volume in mL/day and the actual intake of the infant for infants receiving ≤2 breastfeeds in 24 h. Each point represents one infant's intake over 24 h for infants receiving ≤2 breastfeeds (N = 83).](ijerph-12-05408-g002){#ijerph-12-05408-f002}

![Bland-Altman plot of the agreement between the prescribed feed volume in mL/day and the actual intake of the infant for infants receiving \>2 breastfeeds in 24 h. Each point represents one infant's intake over 24 h for infants receiving \>2 breastfeeds (N = 20).](ijerph-12-05408-g003){#ijerph-12-05408-f003}
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###### 

Median breast milk intake (mLs) per breastfeed according to gestational age (GA) at birth.

  GA (Weeks)   Infants, N   Breast Feeds, N   Volume \* (mL)   Min, Max (mL)
  ------------ ------------ ----------------- ---------------- ---------------
  27--28       3            19                23 (4, 31)       0, 86
  29--30       4            20                12 (9, 30)       1, 52
  31--32       8            32                13 (5, 26)       0, 48
  33--34       19           83                26 (7, 34)       0, 101
  35--36       25           81                24 (17, 34)      0, 87

**\*** volume (mL) reported as median and IQR.

![The percentage (%) of breast milk (mLs) taken during a single breastfeed in 10 mL increments.](ijerph-12-05408-g004){#ijerph-12-05408-f004}
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###### 

Median breast milk intake (mLs) per breastfeed according to post menstrual age (PMA).

  PMA (Weeks)   N Infants   Volume (mL)   Min, Max (mL)
  ------------- ----------- ------------- ---------------
  32            2           15 **\***     1, 30
  33            6           9 (4--17)     2, 32
  34            10          18 (8--32)    2, 56
  35            26          12 (5--26)    0, 64
  36            46          26 (14--34)   0, 87
  37            20          21 (6--30)    0, 76
  38+           11          36 (28--43)   0, 101

Volume (mL) reported as median and IQR; **\*** IQR range not calculated due to small number

4. Discussion
=============

The prescribed feed volume overestimates the dietary intake of preterm infants transitioning to full sucking breastfeeds. While the overestimation is relatively modest, due to the wide limits of agreement the prescribed feed volume is poor at estimating actual intake at the individual infant level. The volume taken during a breastfeed was highly variable however, as would be expected, there was an overall trend to an increased volume of intake with increasing PMA. We elected not to test for statistical differences in volume taken according to either GA or PMA as some infants were measured only once, while others had multiple observations, thereby invalidating the statistical assumptions of independence for both the Kruskal-Wallis and Friedman tests.

On an individual level the prescribed feed volume will over or under estimate intake by +/-- 103 mL ([Figure 1](#ijerph-12-05408-f001){ref-type="fig"}). To place this in context, the infant whose actual intake was overestimated by 174 mL ([Figure 1](#ijerph-12-05408-f001){ref-type="fig"}) was prescribed 180 mLs/kg/day (daily total of 455 mL) and therefore theoretically missed out on 40% of the daily intake, or in this particular case 2 of the 6 prescribed daily feeds.

We found that as the number of breastfeeds increased the extent to which the prescribed feed volume overestimated the actual intake increased ([Figure 3](#ijerph-12-05408-f003){ref-type="fig"}). This suggests that in practice the volume that preterm infants are taking at a breastfeed is overestimated and, therefore, with increasing number of breastfeeds, the gap between estimated and actual intake is compounded. This is further confirmed by the fact that the median intake at a single breastfeed was 23 mL, notably less than the median prescribed per feed of 60 mL.

In this study a large variation in volume taken during a breastfeed across all GAs and PMAs was observed ([Table 2](#ijerph-12-05408-t002){ref-type="table"} and [Table 3](#ijerph-12-05408-t003){ref-type="table"}). It is worthwhile highlighting that 6% of all measured breastfeeds had zero intake and 25% of feeds only measured 1--10 mL. This zero to minimal intake was observed across all GAs and PMAs. This is similar to the findings by Meier *et al* \[[@B18-ijerph-12-05408],[@B19-ijerph-12-05408],[@B20-ijerph-12-05408]\] who reported occasions where there was minimal to no nutritive intake during a breastfeed. As expected more mature infants had a greater intake, with the average intake at a single feed greater in the older infants. This result likely reflects that infants are typically larger and more mature at later PMA.

For dietary audits it would be reasonable to use the prescribed feed volume to describe the dietary intake of breastfeeding preterm infants at a population level as the overestimate represents 7% of the mean prescribed feed volume for our population of infants. Furthermore considering that on average 12% of the actual intake (mL) was from breastfeeds, using the prescribed feed volume would improve the accuracy of audits that do not account for the contribution from breastfeeds \[[@B12-ijerph-12-05408],[@B13-ijerph-12-05408],[@B14-ijerph-12-05408],[@B15-ijerph-12-05408]\].

A strength of this study was that the sample size was adequate to ensure the measures of agreement were calculated with reasonable precision. The test weighing procedure was adapted from a technique developed for preterm and high-risk hospitalised infants \[[@B21-ijerph-12-05408]\], thus protocols used were designed to avoid common reasons for measurement error specifically in this population. The study was conducted across two neonatal units, allowing for more generalizable results across the preterm population.

Participating infants' GA ranged from 27 to 36 weeks, however the earlier GA were under represented and future studies would benefit from collecting dietary intake data from infants in the earlier GA categories (27--32 weeks). While the sample size was adequate for the primary aim of the study, it was insufficient to make inferences about the average intake of preterm infants.

5. Conclusions
==============

In dietary audits, the volume of intake of breastfeeding preterm infants can be estimated with reasonable accuracy at a population level using the prescribed feed volume. However use of prescribed feed volume cannot be recommended as a useful clinical tool for individual infants. There is a large variation in the volume of milk taken during a breastfeed across all gestational and postmenstrual ages, with the overall intake higher in more mature infants.

We would like to thank the families who so generously participated in this study, the nursing and medical staff at the Flinders Medical Centre and Lyell McEwin Hospital neonatal units and Ms. Rachel Battersby for her help with data collecting. This work was supported by the Women's and Children's Health Research Institute, the University of Adelaide; Nutrition and Dietetics, Flinders University and the Australian National Health and Medical Research Council (NHMRC) Centre of Research Excellence "Foods for Future Australians" (APP1035530). CTC is supported through a McLeod Postdoctoral Research Fellowship (MS McLeod Research Fund, Women's and Children's Hospital Research Foundation).

Carmel Collins, Jacqueline Miller. and Sarah Greenslade conceived and designed the study; Sarah Greenslade performed the study; Sarah Greenslade, Emma Tonkin, Jacqueline Miller. and Carmel Collins analysed the data; Peter Marshall contributed materials and facilitated access to patients; Sarah Greenslade drafted the manuscript; all authors contributed to the final manuscript.

The authors declare no conflict of interest. The funding bodies had no role in the design of the study; in the collection, analyses, or interpretation of data; in the writing of the manuscript, and in the decision to publish the results. The contents of the published material are solely the responsibility of the authors and do not reflect the views of the NHMRC.
